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DEEP BED THICKENER/CLAMFIERS WITH ENHANCED 
UQUro REMOVAL 

p ^ ^.^r^p^iTNrn OF THF INVENTION 
This invention relates to clarifiers and thickeners of the deep bed 
t3-pe. This invention also relates to an associated method for separating 
liquid and sohd particles in a suspension of slurry in thickness and darifiers. 
5 Deep bed thickeners and darifiers (or so-called thickener/darifier 

devices) are shown and described, for example, in U.S. Patent Nos. 
5,433.862. 5.549,827 and 5,800.715, the disclosures of which are hereby 
incorporated by reference herein. 

The device described in U.S. Patent No. 5,433,862 comprises a 
10 vessel receiving a sluny of liquid and solid particles suspended on the 
hquid. The vessel defines a hindered settling zone in which the Uquid and 
solids of the slurry tend to separate, with the solids settling down into a 
compaction zone bdow the hindered settling zone. In the compaction zone, 
the soHds concentration tends to increase, while the hquid phase rises to a 
15 darification zone above the hindered settling zone. An overflow launder, 
adjacent the upper end of the vessel, receives the overflow phase of the 
sluro separated m the vessel. An underflow disdiarge port toward the 
bottom of the vessel receives the thickened or underflow phase of the slun^' 
separated in the vessel. One or more so-called separating members are 
20 pro;vided in the vessd extending upwardly from a lower end in the hindered 
settling or compaction zones to an upper end in a darification zone 
Preferably, this member indudes cones or other downwardly inclined 
surfaces that fadlitate both the settling of solids do^vn to the compaction 
zone and the upward flow of free liquid from the hindered settling and/or 
25 compaction zone to the darification zone. 
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The deep bed *ick«..r or clarifier device described in U S Paten, 
No 5 800 715 is similar to that disclosed in U.S. Patent No. 5.433.862, but 
further has a fluid flow barrier betw«« the overflow dariflcatton zone and 
^ other .ones of the vessel, and one or more elarie^ng conduits extending 
i^ough .he bamer. Each such condutt carrtes a suspended floe b«l of 
particulate solids that filters mi fltrther clarifies the liquid flowing up from 
the hindered s«ding zone to the darificauon zone. "Ws further flltenng 
removes soUd petioles that would otherwise be carried along the "danfied" 
hquid to the overflow launder. These clarification conduits thus serve a 
, significantly different purpose than do the separatmg members and function 

independently thereof. 

Deep bed thickoter/darifiers ofi^er ceriain design and operational 
advantages over the conventional thtckeners and clarifiers whtle providmg 
daritv of overflow and solids concentradon of underflow comparable to that 
5 of convenfional thickener/darifiers. Such thidceners and darifiers are 
typically of low-profile design (i.e.. shorter in hei^t but of much greater 
diameter than deep bed thickenets), but like deep bed thid.»..rs have 
g^lv central feedwells and underflow underflow disd^rge ports. 

Co„v«.tional low profile thickeners rely on the radial expanse of *e 
,0 horizontal settling zones to effect senling of the sluny throughout the 
thickener. To «=hieve dus settUng acHon, dte influent feed is typtcally 
dispersed radially outwardly from the central feedweU and rouuing rake 
arms, having generally plow shaped blades, gather and lateraUy direct dte 
settled soUds along the thtckener/darifier bottom to the central disdtarge 
,5 opening m the bonom of the thtckener/danficr tank These rake blades are 
located closeK- adjacent the tank bottom and are des,gned to move dK sohds 
across the tank bottom w* minimal disruption ,n dte downward (or 
setUing, flow pattern of dte slurty dK,ugh dte hindered senUng and 
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compaction ^nes Comis,«,. ™U, *is purpose, U>e rak» are ,o««d « a 
veo. Slow speed, for example, less than 1 revolu«on per min«e, U.S. Pa«n, 
Nos 4 082,671. 4,2.7,916 and 4,271,027, for e«»nple. describe «i 
a,s«a.. ass«nbli.s *■« perfom, *,s ftrncuon of nK,ving serted sohds 
, across *e botom of co„.«.«onal low-proflle Sickeners for d,scharge 
a, a c««ral underflow ou.le,. Indeed, some of d.e rake assen-blles are 
tended », scrape *e se»led soUds from .he «nk bonom. see U.S. 
No. 4,247,400. 

conrras., "deep bed" *ick«.er/clarifiers rdy on the heieh. of d>e 
0 hindered setUing .0 cause separation of the slurry in«> its clarified Uquid and 
senled solids phases. Deep bed thtckeners/clarifers further have a deep, 
high ».g.e conical bottom for drrecting .he setded solids toward 
discharge ope^ng. Thus d«re is no need for routing rakes ro move d,. 
soiids >vithin d,e dtickener/clarifle, to effect removal of the solids. Indeed. 
,5 r*es would serve little purpose tn moving d« solid, but radter would add 
expense and operating complexity. 

Bastclly. deep bed thickeners rely on a conical «nk bot»>m having 
a side^vall ex«nding an angle from hortzontal generally greater than the 
„^e of repose of d,e setded solids to direct d» solids to move by gravt,- 
20 alone along the .ank bottom to the discharge opening Thts eUminates dte 
need for a rotating rake and *ereby simplifies d« operation and 
construcnon of the thickener/darifler as well as reduces fte co« of dte 
d.ck-«r/clarifier compared ,o conventional dvckeners/clarifiers. This cos. 
,educ»on takes dte form of the eliminatton of a captta. expenditure for dte 
2, rake ass«nbli.s. as well as the eliminatton of the associated .orque 
driveheads and motors (often in excess of 1.000.000 foot pounds .orque) 
and high strength bridges spanning the ank .op .0 support the drive. 
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U, co„,™s. co„v».icn.i .ow proffle *ke„=./clarif,ers have 
.o«om. *a, a,, fla. or .ncUnea « ang.es g»«al.y Wow *e angle ot 
repose of ,he seuled solids an. ««s re<,ui,e ^ assen-bUes and 

dnve and bridge (o, colun^) s«u«„,es .o «m.ve *e se«led 
solids from the Ihickener/darifier. 

Q,nM |MAltV r r V" 1WFNT10N 
■n. present invention ertoees liquid-solids separa«on in a deep 
bed duckener/clarifier and thns produces an underflow produc. or sludge 
»«ch is ftra-ened rda«ve ,0 *a. of existing deep bed thick»ers/darifie.s 

More partieulariy, the deep b»i thickener/darifier of this inventton 
p„.ides for .he release and removal of f^ee or interstitia. U,uid (typically 
^) .rapped in the settled solids In the hindered settling ^ne and/or the 
compaction ».e. This release ot l„u.d is effected wUhout tncreasmg the 
si„ of the dtick^KT/clarifler. disturbing the settling processes or the 
, occurring movement of the solids along the conical tank bottom. 

The deep bed thidcener/d^ifler of the present taven«on compnses a 
vessel wrth ^ overflow launder and underflow disdiarge port, "n-e 
has an .nle. for rece,v,„g a slun. of a h<,uid and soUd parttdes 
^p^tded in the .i,uid. In an upper poriton of the vessel, a ^ s«,hng 
,0 ^ has a low ooncentraUon of solrd slurry parades, »^le . a owe, 
portion of the vessel, a compaction zone has a high concentratton of sohd 
„un, particles. The ov«flo„ launder is attad^d to the vessel adjacent an 
„ppe, end thereof for disdtarge of an overflow phase of the sluny that has 
^ separated in the vessel. T^e underflow discharge port is adjacent to a 
^5 bottom thereof for d.sd.rge ot a .h,cken«i, underflow phase of the slur,,. 

that has been separated in the vessd. 

An upper portion of the vessel holds the free setUrng zone and a 
,ower portion of the vessd holds the compaction zone. A hindered setthng 
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„™ «=nis benv^n 0>e free s«..ing compaction zones, w,U, .he 
weed setling zone and compaction zone co„s.,n.ing lov-er setUing 
zones A de,„uifting member is positioned in *e vesse, e«e«iing up ftom 
adjacent *e lower ponion of «» vessd .o adjacent ,h= upper portion of *e 
; vessel for flow of l„u,d from a. leas, one of *e lower zones ,o *e free 
seeing zone. The deli,ui^ member further serves ,o isolate this flow of 
„<,„id torn the flow of slurry down in the lower settiing zones A rake 
»«nbly is mounted for rot-ion in .ow« portion of the vessel, with the 
r*e assembly forming channels in the slurry held in the lo«r portion of the 
0 vessel for releasing liquid in a. least one of said lower setUing zones to flow 
to .he dehqui^ng member and on to the flree setiling zon^ 

-nte method of this invention for operating a deep bed 
thidcener/darifler comprises, m accordance wtth *e preset inventio,, 
feeding, into a vessel, a slurry of a liqutd and sol,d partdes sospo^ied m 
„ the liquid »d separati,^ the siuny by r-vi-y d.<ferenl zones havtng 
respective degrees of liquid-«.lids sep^on indudin^ a. an upper portion 
of the vessel, a free setiHng zone having a low concentration of solid slurry 
.articles and itirther indud,na a. a lower portion of ti» vessel, a 
compaoion zone having a hrgh concentration of solid sluny partides. A 
.0 hindered setiling zone is positioned between ti,ese zones. The method also 
comprtses disd^rging. into an overflow launder attached to the vessel 
proxtmatdv to an upper end thereof, an overflow phase of the slurry that has 
.een separated in the dahfication zone and disduuginfe via an underflow 
disdtarge po„ tixed to the vessel at least proximately to a botiom ti,er«,t a 
.5 titickened. underflow phase of the slurry that has been separated in the 
vessel Liquid ,s dire«ed from a, least one of *e lower setiUng zones to the 

down ,n the .«sel in the ,ow.r senling zones, h, accordance ™th t^s 
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invention, upwardly extending channels are formed in the sluny held in the 
lower portion of the vessel to release liquid in at least one of the lower 
settling zones to flow to the isolated flow path and then to the free settling 



zone. 



Other objects of the invention will be in part apparent and in part 
described and shown in the following description of the drawings and 

preferred embodiments. 

mtrvv ngsrwiPTIP N CtV THE DTtAWlNGS 

For detailed understanding of the present invention, reference should 
10 be made to the following detailed description of the preferred embodiments, 
taken in conjunction with the accompanying drawings, in which Uke 
elements have been given like numerals and wherein: 

FIG. 1 illustrates a vertical section of the thickener/clarifier of this 
invention and its various components including the deUquifying member 

1 5 and a rake assembly; 

FIG. 2 illustrates a vertical section of a second thickener/clarifier of 
this invention with the rake shaft passing through the inside of the 

deUquifying member; and 

FIG. 3 illustrates the enlarged detail of a rake picket in the slurry for 

20 forming a water flow channel in the slurry. 

ngsrRIPTION nF the PRF FFHRED EMBODIMENTS 

As illustrated in FIG. 1, a deep bed thickener/clarifier of this 

invention, generally indicated at 10, comprises a vessel 11 having an inlet 

12 receiving a sluny comprising liquid and solid particles suspended in the 

25 liquid. The sluny components are separated in vessel 11 into a relatively 

light-weight overflow phase (i.e., a primarily clarified hquid) and a 

relatively heavv' underflow phase (i.e., a primarily high solid concentration). 

Vessel 11 includes a do%vnwardly tapering fnisto-conical bottom 14 having 



6 



wo 01/10530 





J. O 4J ^"fr'^tn^ "-r «i u.,« -™ 
PCTAJSOO/20334 

an ape. (.o. des,g.««d) co„n««d .o an u».eri.ow discharge por, .6 fo, 
*e d,scha,s= of m *icW.ned, u„deri<o« p*^ of d.e sluny ha. been 
«pa,a,ed in vesse, ... A variable speed pump and n.0,0, 1. co,nn,u™ca.e 
.ia a valve 65 ™.h discharge por, 16 for *e conTolled removal of *e 
5 underflow from vessel ... Alremarively. a remotely a«ua»d valve (no, 
shov^,) may be provided as a n«chanical end use device a. discharge po„ 
16 to conttol the removal of the underflow. 

Tte Wokener/clarifler W furfter includes an overflow weir or 
launder M for .emov^ of d.e ov«flow phase s.p.ra«d from *e slurry m 
,0 vessel ... An upper Up (no. designated) of .».der 20 defines ,he upper 
„vel of U» clanfed U<,u,d A cylindrical waU M in v«isel U forms an 
annular chamber 27 and defines a fluid barrier between the anmilar ch«nber 
„d .he remainder of *e vessel interior. Projecting d,r„u^ . lower wall or 
pan,, „ of i«nular chamber 27 is one or more elongate conduits 30 having 
,5 generalV vertically extending sidevvalls which suppor, flutdi^ Aoc beds 
32 of the particulate material suspended in the differem conduits, as 
described in greater de..l in U.S. Patent No. 5,800.7,5. Two such conduits 
are shown in FIG. . However, other vessel designs m,^ have oriy one 
such conduit or more th^ two conduits. Conduits 30 are shown to be of 
20 square or circular shape in section, but may be of any shape in section. 

To facilitate flocculahon in vessel 11, a settling agent such as a 
polvelectroMe may he delivered as an additive to the slurry or as shown in 
FIG . preterablv to the free settling Uquid in the vessel. As shown « FIG. 
1 a source of senhng agent such as a stor^e tank 3* is in fluid flow 
U comm^ication ,v.th the vessel .. A fluid flow control device, such as a 
i^otelv actuated vdve 40. reflates the dosage of senling aid delivered to 
the sluri^. and thus control the extent of floe formation vvithin vessel U. 
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The slurry received and held in vessel U separates by gravity into a 
hindered settling zone 42 which is located above a compaction zone 44 and 
below an interior free settling clarification zone 46 and an overflow 
clarification zone 47 in annular chamber 27. Within hindered setUing zone 
5 42, the liquid and solid particles tend to separate with the solid particles 
tending to flow downwardly to the compaction zone 44 and with the 
clarified liquid flowing up to clarification zone 47. Within compaction zone 
44 the solids concentration increases to the highest level of concentration at 
discharge port or ouUet 16 at the vessel bottom. 
10 As described in U.S. Patent No. 5,433,862, a deliquifying member 

48 extends up within vessel 11 from generally adjacent the compaction zone 
44. DeUquifying member 48 is of generally tubular configuration and 
receives free liquid released from compaction zone 44 and delivers the 
liquid to the upper end of the deliquifying member 48 which is preferably 
15 positioned at the interior free settling clarification zone 46. At its upper end, 
deliquifying member 48 is provided with openings 52 for feeding expressed 
liquid to the free settling clarification zone 46. In the thickener/clarifier of 
FIG. 1, the deliquifying member 48 also serves as part of a rotaiy drive 
member or rake shaft as described more M\y hereinafter. 
20 The vessel comprises an upper portion, indicated generally at 81, 

holding at least a portion of the free settling zone 46 and a lower portion, 
indicated generally at 83, holding at least a portion of the compaction zone 
44. The hindered settling zone 42 may extend into either the upper or lower 
portion of the vessel. The compaction zone 44 and hindered settling zone 
25 42 constitute lower settling zones. The deliquifying member 48 in the 
vessel extends up from the lower portion 83 of the vessel to the upper 
portion 81 of the vessel for flow of liquid from at least one of the lower 
settling zones to the free settling zone while isolating the flow of liquid from 
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the flow of slurry- down into the lower settling zone. A rake assembly 63 is 
mounted for rotation as indicated at 60 in the lower portion 83 of the vessel 
and has a plurality of generally vertical pickets 62 . As shown in FIG. 3, as 
the rake assembly rotates, the pickets 62 travel through the slurry, see arrow 
5 80, and form temporary channels 76 in the slurry held in the lower portion 
of the vessel. These channels release free or interstitial liquid in pockets 75 
in at least one of the lower settling zones to flow along generaUy vertical 
paths 72 to the deliquifying member 48. From there, the liquid is free to 
flow on to the free setUing zone 46. The deliquifying member 48 supports 
1 0 and rotates the rake assembly 63. At its upper end, deliquifying member 48 
is operatively connected to a motor 70 via a drivehead 61. The motor 70 
may be of fixed or variable speed, and use any suitable motive power, such 
as an electric or hydraulic motor or a combustion engine. 

Accordingly, the deliquifying member 48 facilitates removal of fi-ee 
15 liquid from at least one of the lower zones to enable soUds in the 
compaction zone to increase to a higher concentration level and to do so 
more rapidly than would otherwise be possible. The deliquifying member 
48 is open to hindered settling zone 42 to facilitate release of free liquid 
from that zone. To that end, deliquifying member 48 is provided with one 
20 or more suitable inclined members such as upwardly tapering conical 
deliquifying baffles 56 shoxvn, for example, in FIG. 1 as being ganged in a 
sequence. Each conical deliquifying baffle 56 is open at a lower end SO and 
guides released liquid upwardly along an inner surface (not shown) to a 
respective opening or aperture 54 provided in deliquifying member 48. 
25 Settling solids particles are directed along the outer surfaces of conical 
deliquifying baffles 56 towards the bottom of vessel 11. Thus the 
deliquifying member 48 isolates the upward flow of liquid from the 
do\Miward flow of the slurr>'. 
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Deliquiiying member 48 provides a cortduit for the flow of free 
liquid thus released from hindered settling zone 42 and compaction zone 44. 
This channeling of the released liquid in those zones influences the solids 
settling rate therein. Deliquifying member 48 is shown to be a tube of 
5 circular or square cross-section. However, deliquifying member 48 m^ be 
of other shapes as described and shown in U.S. Patent No. 5,433,862. The 
word "tubular" is used herein to mean a hoUow profile of any suitable cross- 
sectional sh^e. 

In operation, deliquifying member 48 is rotated at a slow rate during 
10 the gravit>' settling process. The consequent movement of the pickets 62 
through the thickened slurry or sludge in the lower zones releases otherwise 
trapped interstitial Uquid 71. This freed liquid 71 generally escapes fi-om 
compaction zone 44 in laminar flow paths along pickets 62, as illustrated in 
FIG. 3. The overall process of thickening or clarification in apparatus 10 is 
15 controlled by adjusting the underflow withdrawal and overflow discharge 
rates relative to the inlet. Thickener/clarifier 10 as provided with a rotatable 
rake assembly 63 provides for higher underflow solids concentration, 
improved overflow claruy, increased rate of influent feed, reduced settling 
aid usage or any combination of these advantages or results than would be 
20 possible in treating slurries in conventional deep bed or low-profile, large 
diameter thickener/clarifiers. 

Thickener/clarifier 10 includes a cover plate or upper panel 74 which 
carries drivehead 61 and motor 70. An outlet port 75 is provided at the 
upper end of vessel 11 for discharging the clarified liquid phase which spills 
25 over we.r or launder 20. The deliquifying member 48 is rotatably 
suspended from cover plate or upper panel 74. 

FIG. 2 depicts a second embodiment of the thickener/clarifier 110 
xvhich includes certain modifications ^vith respect to the apparatus of FIG. 
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irir<; 1 and 2 are designated with the same reference 
1. Like structures m FIGS, l ana are uca g. 

numerals. 

to FIG. 2, *e deliquif^ng member 14.. mlike *e «q»i«™g 
member 4. in FIG. 1. doe. ,«>. sen,e ^o rotate .he rake assembly a«l may be 
rigidly feed » cover or upp« panel 74. The deUquifytag member 148 ,s 
abo *o»n » terminate « an upper of a lo«ennos, corneal deliquift^g 
bafQe 56. 

TWctaer/darifier 110 includes a rot«d,le rake 163 having a 
plurality of generally parallel verttcally extending piAets Ul Rake 1«J 
serves to a«gm»,. or accelerate the deliquifying of the lower zones. Rake 
163 is rotated bv a drive shaft 166 which ts generally coaxially and 
longimdinally disposed in deliqui^ng member 148 Dnve shaft 166 ,s 
^.atably joumaled in cover plate or upper p«»l 74 and .s operatively 
connected to drivehead 61 and motor 70. 

T^e upper three conical deliqui^ng baffles 56 communicate v«.h a 
lumen or intenor (not designated) of fluid flow member .48 via openings or 
apertures 154 provided „. mbular flutd flow member 14. As di^d 
above, settling solids panicles are directed *ng the outer surftces of 
oonrcal deliqui^ baffles 56 towards the bottom of vessel 11. 

the embodiment of FIG. 2 also differs from that of FIG. 1 in not 
mcorporating clarification htbes (such as tubes 30) and in diteCmg 
flocculan. to the free settling a. the exterior of the deliqui^g n-ember 

Although the inventton has been descnbed m terms of its preferred 
5 embodiments, those skilled in the an will recog™. .ha. numerous 
modifications and changes ma,, be made while remai»ng ™*in d,e scope 
an, spiri. of the invention. For example, pickets 6Z and 162 of rakes 63 and 
163 respecnvelv. extend parallel to one anodter vertically trough 
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compacfon zone 44 and into hindered settling zone 42. Pickets 62 and 162 
„,ay be alternatively inclined at an angle to the vertical. In addition, conical 
dehquifying baffles 56 may be greater or fewer in number than four. The 
conical deliquifying baffles located below chamber 27 may be larger. In 
addition, the pickets may be positioned and be of sufKcent length to extend 
into both the compaction zone 44 and hindered settUng zone 42. Hie 
deliquifying member 48, 148 m^ be open only adjacent its lower end to 
receive liquid from one of the lower zones and adjacent its upper end to 
discharge liquid conveyed by the member. Alternatively, the member may 
be open at a plurality of locations as well as for a substantial portion of its 
length. 

Accordingly, it is to be understood that the drawings and description 
herein be offered by w^ of example to facilitate comprehension of the 
invention and should not be construed to limit the scope thereof 
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